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Abstract 
The aim of this study was test construct validity of the self report scale of ‘‘Young Pupils’ Metacognitive Abilities in 
Mathematics’’ developed by Panoura and Philippou. The subjects of study consisted of 417 pupils who were studying at 4th, 5th
and 6th grade. Although with CFA factor structure of original scale with two factors was justified since the correlation between 
two factors was very high (,96) one factor structure with 14 items was tested. Results of analysis showed that one factorial model
was meaningfully more appropriate than two factorial models. Cronbach alpha was found ,88.
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3. Introduction 
In recent years metacognition is taken into consideration as an important construct in mathematics education. It is 
not only an important part of intelligence and cognition (Manning & Pane, 1996) but also it has an influence on 
academic success of mathematics (Larson at. all., 1985; King, 1990; Cardella-Elawar, 1992; Cardella-Elawar, 1995; 
Hoek, Vanden & Terwel, 1999). Metacognition is originally introduced to literature by Flavell (1966).  Since Flavel 
identified the term in the seventies of the last century, metacognition seems to have multiple and almost incoherent 
meanings (Manning & Pane, 1996; Deseote, 2007).  Flavell’s (1976) original definition of metacognition was “the 
knowledge of one’s own cognition process and the ability to regulate and monitor it”. The concepts of “awareness 
and evaluation” were added to Flavel’s (1976) definition and metacognition defined as “the knowledge of and 
awareness about our own cognitive process and ability to regulate, evaluate and monitor it” (Bonds & Bonds, 1992; 
Larson et al., 1985). On the other hand in some definitions cognitive strategy use of students pointed out.  It is 
defined as “ the knowledge a student has about circumstances of effective strategy use while learning a task and 
ability to use self regulated strategies (Brown, 1978 cited in  Boekaerts, 1997; Borokowski, Carr & Pressley, 1987 
cited in  Jacobson, 1998). Costa (1994) simply defined metacognition as “ our ability to know what we know and 
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what we don’t know.” He explained it clearly that ‘it is our ability to plan a strategy for producing what information 
is needed, to be conscious of our own steps and strategies during the act of problem solving and to reflect on and 
evaluate the productiveness of our own thinking’’ (Costa,1994). Memory was also added to definition and recently 
metacognition is defined as ‘‘one’s knowledge and beliefs about one’s own cognitive process and one’s resulting 
attempts to regulate cognitive processes to maximize learning and memory (Ormrod, 2006 cited in Stewart, Cooper 
& Moulding, 2007). 
In  modern  psychological literature metacognition has two parts: (Scraw & Dennison, 1994; Panoura & 
Philippou, 2003) knowledge about cognition and self-regulation of cognitive activities. Knowledge about cognition 
includes person’s knowledge about his/her own cognitive potentials and coherency between person as a learner and 
the learning situation. Self-regulation of cognitive activities includes ability of the student not only to be aware of 
her abilities and learning process, but also monitor her activities during the learning process and make appropriate 
adjustments.  
One of the basic problem of the study in the field of metacognition is to develop and use valid scales to measure 
metacognitive ability (Panaoura & Philippou, 2003).  In literature Metacognitive Awareness Inventory (MAI) which 
is developed by Scraw & Denisson(1994) is one of the most frequently used (Sperling, Howard, Miller & Murphy, 
2002; Sperling, Howard, Staley & DuBois, 2004) instruments to measure metacognitive ability of adults. This scale 
has two factors:  knowledge of cognition and regulation of cognition. Its main idea was taken into consideration 
from other researchers for developing scale for young pupils. After Scraw and Dennison (1994), Sperling, Howard, 
Miller and Murphy (2002) used the idea of the MAI inventory and developed two inventories for to apply younger 
learners (elementary school students) the Jr MAI, version A and B (Sperling, Howard, Miller & Murphy, 2002). Not 
only this instrument was used to measure metacognitive ability of young learners but also the main idea of this scale 
so the main idea of MAI was used to design instruments which were self report to measure metacognitive ability of 
students in mathematics lessons (Howard, McGee, Shia & Hong, 2004; Panaoura & Philippou, 2003).
On the other hand in addition to self report instruments (besides Likert type scales, multiple dimension scales that 
compares metacognitive knowledge and ability with performance), interview (Fitzpatrick, 2000), think aloud 
protocols and teacher questionnaires (Desoete, 2007) were recommended to measure metacognitive ability. 
However this view was criticized by researchers severely. Collecting data from children by the way of interview that 
one of the most popular technique to measure metacognition subject to many constraints and limitations (Miles, 
Blum, Staats & Dean, 2003 cited in Phillippou & Panaoura, 2003). Think aloud protocol analyses were found to be 
accurate, but time consuming (Desoete, 2007) and not suitable for young pupils. In addition that coding the 
psychological analysis of the data-collected in an idividual application based on a special model is difficult and time 
consuming. Consequently, although self report inventories are critized, in some ways, it is the least problematic 
technique to measure metacognitive ability (Sperling, Howard, Miller & Murphy, 2002). In this context the aim of 
this study to test construct validity of the scale “Young Pupils’ Metacognitive Abilities in Mathematics” which was 
developed by Panaoura and Philippou (2003).  
2. Method 
2.1. Sample 
  417 students in grades four to six of two elementary school were participated to the study. As it is seen from the 
Table 1 out of 417 students, 178 ( 42,7 %   )were 4th graders, 118 (28,3 %) were 5th graders and 121 (29 %) were 6th
graders. 283 students came from public schools, 138 students came from private schools.   
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2.2. Procedures 
First of in order to use this scale, permission was taken from Areti Panaoura who is first author of scale. While 
adapting the ‘‘Young Pupils’ Metacognitive Ability in Mathematics Scale’’ to Turkish culture and writing the 
Turkish form, the scale was initially translated into Turkish by three field experts with excellent English language 
skills, followed by a discussion of the suitability of each translation for each item with a lecturer from the 
Department of English Language Teaching. The resulting form was translated back into English by another lecturer 
from the Department of English Language Teaching and the translation study was completed by checking its 
similarity to the original version. Data was collected from public and private primary schools by taking permission 
from school administratiton.  
2.3. Measure  
2.3.1. Young pupils’ metacognitive abilities in mathematics scale 
As a part of a big research the scale of ‘‘Young Pupils’ Metacognitive Abilities in Mathematics’’ were deveoped 
in the light of Jr. MAI (Sperling, Howard, Miller & Murphy, 2002) by Panaoura and Philippou(2003) in order to 
measure metacognitive ability of young pupils.  Original scale consisted of 30 items and for each item pupils circle 
the answer that best described their thoughts while solving a problem they might encounter in math class ( 1= never, 
2= seldom, 3= sometimes, 4= often, 5= always). Examples of items are ‘‘While I am solving a problem I wonder 
whether I answer its major question’’, ‘‘ I know ways to remember knowledge I have learned in mathematics’’. The 
inventory demonstrated high reliability (Cronbach alpha = 0,83). After confirmatory factor analysis, Panaoura ve 
Philippou (2003) concluded that 15 items with two dimension consist an appropriate valid inventory for the 
measurement of young pupils’ metacognitive abilities. The fit of final model was excellent and the values of the 
estimates were satisfactory in all cases (Ȥ2=119.128, Ȥ2/sd=1.547  GFI=0.94, AGFI=0.907, CFI=0.925, and 
RMSEA=0.047) Five items were indicators of the metacognitive knowledge, seven items were indicators of the 
metacognitive regulation and three items split at both the dimensions of metacognition.  
2.4. Data analysis 
 Cronbach alpha coefficient was used for internal consistency by using SPSS. Confirmatory factor analysis (CFA) 
was conducted by using LISREL 8.51 in order to confirm the scale’s structure obtained by Panaoura and Philippou 
(2003). Suitability of the model was assessed by the goodness of fit index (GFI), adjusted goodness of fit index 
(AGFI), comparative fit index (CFI), and standardized and root mean square error of approximation (RMSEA) 
indices.  
3. Results 
First of all the skewness and kurtosis values of the items were analyzed and all items were found within normality 
criteria. Confirmatory factor analysis was performed to confirm the  factor structure of final version of “Young 
            Type of school  Grade level  
Public Private 4th Grade 
(10 years old) 
5th  Grade 
(11 years old) 
6th Grade 
(12 years 
old) 
Frequency 283 134 178 118 121 
Percentage         67.9%      32.1% 42.7% 28.3% 29% 
Table 1. Grade level and school type of students
3000  Zeynep Çig˘dem Özcan / Procedia Social and Behavioral Sciences 2 (2010) 2997–3002
Pupils’ Metacognitive Abilities in Mathematics”. As it is seen in the Figure 1, factor load of item 1 is very low 
(0,17) besides although factor load of item 25 is high on the knowledge of metacognition its factor load is very low 
on  knowledge of regulation. When the first item is deleted, and the connection between item 25 and regulation of 
metacognition disconnected, factor load of items changes between 0.33 and 0,71. These values showed that these 
items were good representatives of both factors: metacognitive knowledge and metacognitive regulation. Error 
values were changes between 0,41-0,80. These error values were acceptable level. According to the analysis results, 
Ȥ2=195.71 (N=417, sd=86, p=.000), Ȥ2/sd=2.18  GFI=0.94, AGFI=0.92, CFI=0.94, and RMSEA=0.055. The
approximation statistics evaluated together show that the factor structure approximates with the data at an acceptable 
level. Modification index results show that there was no significant and theoretically supportable modification 
suggestion. On the other hand when the corelation between two factors was examined, the correlation between two 
factors was found 0,96. This result pointed out that the scale has only one factor. For that reason, 1st item was 
distracted from the scale and one factor model was tested.  
Figure 1. Two factor model of Young Pupils’ Metacognitive Abilities in Mathematics Scale
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Figure 2. One factor model of Young Pupils’ Metacognitive Abilities in Mathematics Scale 
Figure 2 shows that factor load of items changes between 0.33 and 0.68. These values showed that these items 
were good representatives of metacognition. Error values changes between 0,41-0,80. These error values were 
exeptable level. According to the analysis results, Ȥ2=189.40 (N=417, sd=77, p=.000), Ȥ2/sd=2.45  GFI=0.94, 
AGFI=0.92, CFI=0.94, and RMSEA=0.059. The approximation statistics evaluated together show that the factor 
structure approximates with the data at an acceptable level. Modification index results show that there was no 
significant and theoretically supportable modification suggestion. This result pointed out that the scale has only one 
factor.
The Cronbach-alpha coefficient (Į = 0,88) was calculated for the  scale’s internal consistency reliability.
4. Discussion
Metacognition is measured by different methods; self report instruments, think aloud protokols, interview, teacher 
questionnaires, etc… Since think aloud protocals, interview and teacher questionnaires have many limitations and 
difficulties in application, it was thought that self report instruments were more efficient in use (Sperling, Cooper, 
Moulding, 2002) although it assesses the perceptions of the students about their metacognitive ability (Deseote, 
2007), not the actual performance. In this study it was aimed to test the construct validity of ‘Young Pupils’ 
Metacognitive Abilities in Mathematics’’ scale developed by Panaoura and Philippou’s(2003) which was a self 
report instrument.  
To test construct validity, confirmatory factor analysis (CFA) was used. When the results were compared it was 
observed that results of two factor model was consistent with original results of the scale. Two factors was very 
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related to each other consistent with the literature (Scraw & Dennison, 1994;  Sperling, Howard, Staley & DuBois, 
2004).  By taking into consideration the strong correlation (.96) between two factors one factor model was tested in 
the current study.  The approximation statistics evaluated together show that the factor structure approximates with 
the data at an acceptable level. This result pointed out that the scale has only one factor. The scale demonstrated 
high reliability (cronbach alpha = .88) consistent with scales original form (cronbach alpha = .83).  
5. Conclusion and Recommendation 
Statistical analysis showed that “Young Pupils’ Metacognitive Abilities in Mathematics Scale’’ with one factor 
has construct validity and reliability of internal consistency in Turkish culture. In addition it can be said this scale 
does not measure metacognitive ability in mathematics, it measures perception of students about their metacognitive 
abilities in mathematics (Desoete, 2007). For that reason it is better to call this scale as ‘‘The perception of young 
pupils metacognitive abilities in mathematic’’.   
Perception of the individual about their metacognitive abilities could be realistic or unrealistic. Since the 
definition of the metacognition includes awareness, in order to get rid of the unrealistic perceptions, maybe the 
teacher questionnaires as Desoete (2007) pointed out suggested to use besides “Young Pupils’ Metacognitive 
Abilities in Mathematics Scale ’’. However a valid and reliable teacher questionnaire should be developed for 
Turkish culture.   
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